To determine the incidence of meralgia paresthetica (MP) and its relationship to diabetes mellitus (DM) and obesity.
METHODS Study setting. Olmsted County is situated in southeastern Minnesota. At the time of the 1990 US Census, Olmstead County had ϳ106,000 residents, which increased to 124,000 at the 2000 US Census. The majority of the county's population resides in Rochester, with the remainder in surrounding rural areas. In 2000, 90% of the population was non-Hispanic white with a median age of 35 years. The residents of Olmsted County are socioeconomically similar to the US white population although a higher proportion of residents are employed in health care services (24% compared with 8% nationwide), and the level of education is higher (30% completed college compared with 21% nationwide). Comparison of previous population-based studies of various diseases in Olmstead County with those from other US communities indicates that results from the Olmstead County population can be extrapolated to a large part of the US population. 8 Epidemiologic research in Olmstead County is made possible through the Rochester Epidemiology Project. The Rochester Epidemiology Project is an uncommon data resource supported by the NIH whereby between 90 and 96% of all health care in Olmstead County is electronically searchable. 8, 9 Each year, more than half of the population is examined, within any 3-year period more than 90% of Olmstead County residents are seen, and by 10 years nearly all residents are seen. 8 Standard protocol approvals, registrations, and patient consents. Institutional review board approval was obtained by the institutional review boards of Mayo Clinic and Olmsted Medical Center, and participants' written informed consent to be included in research was verified in the medical chart. Patients who had requested exclusion from research were excluded from the study.
Ascertainment of MP.
All county residents diagnosed with MP (lateral femoral cutaneous neuropathy) from January 1, 1990, to December 31, 1999, were identified through the diagnostic index, using H-ICDA-8 codes 3551-11 and 3576 -11-2. The complete original medical records of each patient were evaluated to confirm diagnosis of MP and to obtain date of diagnosis, age, and gender. Height and weight were used to calculate BMI at the time of diagnosis, and it was ascertained whether the patient was previously, concurrently, or subsequently diagnosed with DM.
Matched control populations. After identification of 262
patients with MP, we identified 2 groups of controls from the study population, including 262 normal controls and 262 BMI controls (table) . The inclusion criterion for both control groups was that the individual had never been diagnosed with MP. For the normal control group, age and gender were matched, and BMI was recorded. For the BMI control group, in addition to matching age and gender, BMI was matched within 2 BMI points of the patient with MP and within the same standard World Health Organization-defined adult BMI subgroup. 10 To confirm that BMI numbers were statistically comparable between the BMI controls and patients with MP, the BMI results were compared using the independent group t test. The original and complete medical records of each control were evaluated for previous, concurrent, or subsequent DM diagnosis.
Statistical analysis. For the purpose of calculating incidence rates, the entire Olmstead County population was considered at risk. Confirmed cases of MP were included in the numerator and the denominator, age-and sex-specific person-years, was estimated from decennial census data. Incidence rates were calculated by gender, DM status, and BMI groupings, and 95% confidence intervals (CI) and SEs were calculated using Poisson regression models. 11 Because of the transient nature of MP among patients and incomplete medical records of others, we were unable to confirm with certainty how long all patients continued to have MP, making prevalence calculation not possible. BMI data from patients with MP and DM was compared to those without DM to determine whether any statistical difference in BMI was present. In addition, BMI data of patients with MP were compared with those of the normal controls to evaluate whether there was a significant difference in BMI.
For the purpose of comparing patients with MP with BMImatched controls, conditional logistic regression analysis was used to ascertain whether there was any association between DM and MP and to determine whether the relationship between MP and DM was independent of BMI.
RESULTS
The query of the diagnostic index database yielded a total 298 patients with MP of whom 36 were excluded because of an incomplete medical chart or an inconclusive MP diagnosis. A total of 262 patients, 129 (49%) women and 133 (51%) men, with a new diagnosis of MP were included in this study. The mean age at diagnosis was 50 years, and the mean BMI of patients with MP was 30.1 kg/m 2 . Subacute onset of MP pain brought patients to medical attention. The pain tended to be stagnant, nonpositional, and distracting throughout the day and did not worsen with positions such as standing or walking. Less than half of patients had clinical follow-up documented, and among those for whom serial examination was available spontaneous remis-
Figure 1
Age-and gender-adjusted incidence rates per 100,000 patient years of meralgia paresthetica (MP)
The incidence rate of MP between men and women was not statistically different. The age group of 55-64 years had the highest incidence of MP in both males and females. sion was typical. Reports of associated weight gain, loss, or systemic complaint of orthostasis or other autonomic features were absent. The overall age-and sex-adjusted incidence of MP was 32.6 per 100,000 patient years, and there was no significant difference in the incidence rates when stratified by gender ( p ϭ 0.29).The age group of 55-64 years had the highest incidence of MP in both men and women (figure 1). Incidence rates, BMI, and age increased significantly over the study period ( p Ͻ 0.001) ( figure 2) .
To confirm the association between occurrence of MP and BMI, we analyzed the relationship of MP, obesity (measured by BMI), and DM. The MP data are summarized in figure 3 . The mean BMI of all patients was MP was 30.1 kg/m 2 (range 18.8 -57.3 kg/m 2 ), whereas the mean BMI of the normal controls was significantly lower at 27.3 kg/m 2 , confirming the association of MP with BMI (odds ratio [OR] 1.2, 95% CI 1.04 -1.44). Furthermore, the higher average BMI of patients with MP and DM compared with those without DM (33.8 vs 28.8 kg/m 2 , respectively, p Ͻ 0.001), is consistent with the association between DM and BMI.
To investigate a possible association between MP and DM, we checked the occurrence of MP over the ensuing 10 years, in all patients who had a standing diagnosis of DM in 1990, As of January 1, 1990, 973 individuals older than age 45 in Olmstead County had DM. 12 During the 10-year study-period, 24 of them were subsequently diagnosed with MP, making the incidence rate of MP in the DM population 247 per 100,000 patient years. This incidence rate is more than 7 1 ⁄2 times the occurrence in the general population (32.6 per 100,000 patient years) and demonstrates that MP is significantly associated with DM ( p ϭ 0.0012). Furthermore, it was found that patients with MP are ϳ2 times more likely to have DM than age-, gender-, and BMImatched controls (OR 2, 95% CI 1. DISCUSSION This is a population-based study investigating incidence rates and determinants of MP in the United States. Results indicate that the painful sensory mononeuropathy is not a rare disease, occurring in 32.6 per 100,000 patient-years. The incidence rate of MP seems to be the highest in overweight persons in their fourth to sixth decade of life. MP incidence rates trended up over the 10-year study period in conjunction with an aging and increasingly obese population, suggesting that MP will become more common as the population of the United States becomes older and heavier. 7, 13 A population-based study performed in the Netherlands 6 examined incidence rates and risk factors of MP in the primary care setting. Although the Netherlands study found a similar incidence rate of MP (4.3 per 10,000 person years), they concluded that there was no association between obesity and MP. 6 However, it does not appear that height and weight were available for all their patients. In our study, only a minority of obese persons were coded as obese, and a recent large study showed that only 20% of obese persons had medical documentation of obesity, emphasizing the problem of underdocumentation in medical practice. 14 With the use of height and weight of each individual, our study observed a statistically significant difference between the BMI of patients with MP and the BMI of age-and sex-matched controls, with no underweight persons having MP. MP has been commonly tied to DM in clinical textbooks, 15 and this population-based study demon- 
Figure 4 Meralgia paresthetica (MP) is significantly associated with diabetes mellitus (DM)
Shown on the left is occurrence of DM in patients with MP in this study. On the right are matched controls for equivalent age, gender, and body mass index (BMI). BMI is calculated by weight in kilograms divided by height in meters squared. Among patients with MP, DM was twice as likely to occur compared with their matched controls. strated in detail a strong association between MP and DM. The incidence rate of MP in the diabetic population was more than 7 1 ⁄2 times that of the general population. In addition, multivariate conditional logistic regression analysis that included BMI, gender, and age as covariates showed that DM is an independent risk factor for the development of MP. In our population, patients with MP were almost twice as likely to develop DM as matched controls, and approximately two-thirds of patients with both MP and DM developed DM after diagnosis of MP. This finding raises the question of whether MP may be a preclinical expression of DM. Therefore, a diagnosis of MP suggests that a search for underlying DM is warranted, and special efforts to prevent its emergence are indicated. Because this study is retrospective, certain limitations exist in understanding of disease pathogenesis. Possible pathogenic mechanisms include 1) mechanical compression by obesity, 2) nerve injury susceptibility by chronic hyperglycemia, or 3) even inflammatory causes. Inflammation had been proposed by Wartenberg 3 as a possible mechanism of MP years earlier, and, more recently, nerve inflammation in both diabetic and nondiabetic femoral predominant amyotrophy has been observed. 16 In future consideration of MP pathogenesis, either a fortuitous pathologic specimen or modern imaging 17 may be helpful in discerning inflammation or compressive mechanisms among patients with MP.
The epidemiologic association between advancing age, obesity, DM, and MP is important. That importance is emphasized by the observation that DM appears to be an independent risk factor for the development of MP, and patients who have both MP and DM tend to develop MP before DM. A painful numb thigh from MP may be the first medical complication of overweight status and provide clinicians an opportunity to begin the conversation of the importance of weight reduction. If a clinician identifies a patient with MP without DM, more aggressive counseling may be warranted to reduce the risk of development of DM.
